Study of the phonological similarity effect (PSE) in immediate serial recall (ISR) has produced a conflicting body of results. Five experiments tested various theoretical ideas that together may help integrate these results. Experiments 1 and 2 tested alternative accounts that explain the effect of phonological similarity on item recall in terms of feature overlap, linguistic structure, or serial order. In each experiment, the participants' ISR was assessed for rhyming, alliterative, and similar nonrhyming/ nonalliterative lists. The results were consistent with the predictions of the serial order account, with item recall being higher for rhyming than for alliterative lists and higher for alliterative than for similar nonrhyming/nonalliterative lists. Experiments 3 and 4 showed that these item recall differences are reduced when list items repeat across lists. Experiment 5 employed rhyming and dissimilar onesyllable and two-syllable lists to demonstrate that recall for similar (rhyming) lists can be better than that for dissimilar lists even in a typical ISR task in which words are used, providing a direct reversal of the classic PSE. These and other previously published results are interpreted and integrated within a proposed theoretical framework that offers an account of the PSE.
A classic finding in the study of immediate serial recall of lists of verbal materials is that recall is poorer for lists consisting of phonologically similar items, such as {cad, map, man, cap, mad}, than for lists consisting of phonologically dissimilar items, such as {pit, day, pen, bar, few} (see, e.g., Baddeley, 1966; Conrad, 1964) . This is known as the phonological similarity effect (PSE), which has come to be viewed as one of the key phenomena characterizing immediate serial recall of verbal lists (e.g., Baddeley, 1992; Baddeley, Gathercole, & Papagno, 1998; Baddeley & Hitch, 1994) . It also has formed the basis of the theoretical proposal that the verbal shortterm memory component of working memory employs a phonological code (Baddeley, 1986; Baddeley & Hitch, 1974) ; that is, the PSE constitutes key evidence for positing the very existence of what has come to be known as the phonological loop. It is thus a phenomenon of central importance to the influential working memory model of short-term memory.
The standard interpretation of the PSE is that it arises as a result of interference between similar phonological memory traces in the phonological store (Baddeley, 1986) . The classic PSE is a robust effect and has been replicated numerous times (e.g., Baddeley, Lewis, & Vallar, 1984; Poirier & Saint-Aubin, 1996; Watkins, Watkins, & Crowder, 1974; Wickelgren, 1965) . Other investigations have indicated, however, that phonological similarity may have no detrimental effect on immediate serial recall (e.g., Fallon, Groves, & Tehan, 1999, Experiment 1) and that it may even facilitate memory for item identity (as opposed to order) in immediate serial recall (e.g., Gathercole, Gardiner, & Gregg, 1982) and memory for order (as opposed to item identity) in order reconstruction tasks (Nairne & Kelley, 1999) . This research has highlighted the importance of distinguishing between the typical serial, itemin-position criterion of correctness, whereby a list item is scored as correctly recalled only if it is recalled in the correct serial position (strict serial recall), and an orderfree item criterion of correctness (item recall ), whereby a list item is scored as correctly recalled if it is produced during recall of a list, whether or not it was produced in the correct serial position.
For example, Watkins et al. (1974) compared serial recall of phonologically similar and phonologically dissimilar lists. When performance was assessed using the strict serial recall measure, it was better for the phonologically distinct lists, demonstrating the classic PSE. However, when performance was assessed using the item recall measure, it was no different for the phonologically
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Copyright 2005 Psychonomic Society, Inc. similar versus dissimilar lists. Similarly, Gathercole et al. (1982) compared serial recall of phonologically similar and phonologically dissimilar lists. With the strict serial recall measure, performance was better for the phonologically distinct lists; however, item recall was actually better for the phonologically similar lists than for the phonologically dissimilar lists (Gathercole et al., 1982, p. 180) . Along similar lines, a study by Poirier and Saint-Aubin (1996) examined serial recall of lists of two-syllable words. Strict serial recall was better for the phonologically distinct lists, but item recall was no different for the phonologically similar versus the dissimilar lists. However, there have also been studies that obtained the classic PSE (better recall for dissimilar than for similar lists), using both the strict serial recall and the item recall scoring criteria. For example, Coltheart (1993) found that recall was better for phonologically dissimilar than for phonologically similar lists in terms of both the strict serial recall and the item recall measures (Coltheart, 1993, Experiment 1) . Similarly, Drewnowski (1980) found that recall was better for the dissimilar than for the similar lists in terms of both strict serial recall and item recall (Drewnowski, 1980, Experiment 3) .
In an insightful analysis, Fallon et al. (1999) noted that the differing effects of phonological similarity obtained in different investigations appear to be related to how the notion of phonological similarity had been operationalized in the studies. The studies that obtained a facilitatory effect of phonological similarity at the item level employed rhyming list items in their phonologically similar lists (Gathercole et al., 1982; Wickelgren, 1965) . The studies that obtained a detrimental effect or no effect of phonological similarity at the item level operationalized phonological similarity in terms of list items that shared high phonemic overlap but that did not all rhyme within a list (Coltheart, 1993; Drewnowski, 1980) . Fallon et al. (1999) suggested that the former type of phonological similarity (rhyming similarity) can act as an effective category cue and, therefore, can facilitate item recall but that the latter type of phonological similarity (phonological overlap without rhyme) does not provide an effective category cue and, therefore, does not facilitate item recall. Fallon et al. (1999) tested these hypotheses by examining immediate serial recall of rhyming lists, phonologically similar but nonrhyming lists, and phonologically dissimilar lists. In their first experiment, they found that item recall was indeed greater for rhyming than for phonologically dissimilar lists, consistent with the hypothesis that rhyme similarity can produce a category-cuing effect. Item recall for phonologically dissimilar lists was greater than that for the similar nonrhyming lists, consistent with the hypothesis that a category-cuing effect is obtained only with rhyme similarity. Strict serial recall was equivalent for the similar rhyming lists and the dissimilar lists. However, strict serial recall was higher for the dissimilar lists than for the similar nonrhyming lists, a replication of the classic PSE. These results were consistent with the hypothesis that for similar rhyming lists, a detrimental effect of phonological similarity on order recall is offset by the beneficial category-cuing effect of rhyme on item recall, leading to strict serial recall that is equivalent to that for dissimilar lists. For similar nonrhyming lists, however, there is no beneficial category-cuing effect to facilitate item recall, but there still is a detrimental effect of phonological similarity on order information, so that strict serial recall for these is worse than that for dissimilar lists, yielding the classic PSE. Fallon et al. (1999) also tested the hypothesis that the effectiveness of category cuing for rhyming lists is a function of the uniqueness of the cue. The results just described were taken from their first experiment, in which list items did not recur across lists-that is, list items were drawn from what may be termed an open set. In a second experiment, Fallon et al. (1999) again examined immediate serial recall of dissimilar, similar rhyming, and similar nonrhyming lists, but the lists in each condition were now drawn from a closed set. That is, in each condition, lists were drawn from a small set of items, so that list items did recur across lists within a condition. Under these circumstances, item recall for the rhyming lists was equivalent to that for dissimilar lists (rather than greater, as in their first experiment), consistent with the hypothesis that the effectiveness of rhyme as a category cue is affected by the uniqueness of the rhyme. Strict serial recall was greater for dissimilar than for rhyming lists, consistent with the hypothesis that the detrimental effect of phonological similarity on order information was not offset by a beneficial category-cuing effect on item recall.
At least one important issue remains unresolved. Fallon et al. (1999) showed that item recall in phonologically similar rhyming lists was greater than that in phonologically similar nonrhyming lists and hypothesized that it is the presence of a rhyme category that is critical. However, the rhyming-nonrhyming manipulation in their experiments was confounded with a difference in the degree of within-list phonological overlap. Each member of similar rhyming lists, such as {mat, fat, sat, rat, hat, bat}, shared two phonemes, whereas each member of similar nonrhyming lists, such as {rat, map, tab, fad, can, gag}, shared, on average, only one phoneme. The difference in item recall for these two types of lists could, therefore, have been due to cuing by the degree of phonemic overlap, rather than by rhyme category, a possibility that the authors acknowledged in discussing transposition errors (Fallon et al., 1999, p. 303) . The question, therefore, is whether the effects obtained by Fallon et al. (1999) were due to cuing by rhyme category or cuing by the degree of phonemic overlap.
An obvious way to address this would be to compare item recall for lists of rhyming versus nonrhyming stimuli with a controlled degree of phonemic overlap. However, the question touches on issues of considerably broader significance than simply controlling for a confound, because different theoretical accounts of the phonological similarity effect make different predictions about the relative effects of rhyme versus phonemic overlap. Let us consider these alternative accounts. In doing so, we will consider their predictions with regard to three types of lists. One type of list consists of phonologically similar rhyming stimuli that share a certain degree of phonemic overlap-say, two phonemes-and this overlap is in the vowel and final consonant (e.g., {mat, fat, sat, rat, hat, bat}) . Let us refer to these as rhyming lists. A second type of list consists of phonologically similar nonrhyming stimuli that share as much phonemic overlap as the rhyming lists-in this case, two phonemes-but overlap in the first consonant and phoneme (e.g., {cat, cab, cad, can, cap}) . Let us refer to these as alliterative lists. Comparison of item recall for lists of these two kinds would address the question of whether cuing in the Fallon et al. (1999) study was a result of the degree of phonemic overlap or of the rhyme category. Let us also, however, consider a third type of phonologically similar list, in which the list items share some overlap, but the overlap is not consistently in the same place, and the total overlap within a list is not as much as in the other types of similar lists (e.g., {cad, cat, map, can, man}) . Let us refer to these as canonically similar lists, as an acknowledgment that this is the type of similarity utilized in some of the seminal studies that originally demonstrated the classic PSE (e.g., Baddeley, 1966) . Let us now consider the predictions that various theoretical accounts would make for item recall of such lists.
One kind of theoretical account that has been proposed is a feature model. In feature models in general, memory traces are represented as vectors of features. The feature model of Nairne (1990; Nairne & Kelley, 1999; Nairne & Neumann, 1993) incorporates representations of this type. In this model, the effect of phonological similarity in serial memory arises from overlap of the feature vectors that represent the phonologically similar list items. Phonological similarity makes it difficult to recover an item's correct position within a list because there are overlapping features; however, common phonological features among list items can be used to discriminate the list as a whole from other lists, thus aiding item recall (e.g., Nairne & Kelley, 1999, p. 49) . The latter aspect constitutes a means for phonological commonality to act as what Fallon et al. (1999) termed a category cue. Implicit in the feature account is the notion that it is the degree of overlap that matters for these effects. The feature model would, therefore, predict that item recall for lists consisting of phonologically similar rhyming stimuli should be equivalent to that for lists consisting of phonologically similar nonrhyming stimuli, such as alliterative lists, if the degree of phonological overlap is controlled. In addition, it would predict that, on the basis of the degree of phonological overlap, item recall should be greater for alliterative than for canonically similar lists. We will refer to this as the feature account.
An alternative account is derived from linguistic theory. According to linguistic analysis, a syllable has two constituents: an onset and a rime. The onset contains any consonants that precede the vowel (e.g., c in cat). The rime contains the vowel and any subsequent consonants (e.g., at in cat). 1 Thus, according to linguistic theory, for a consonant-vowel-consonant (CVC) syllable, the combination of the second and the third segments corresponds to a theoretically defined linguistic category (the rime), whereas the combination of the first and the second segments does not correspond to a linguistic category. An account of phonological similarity effects based on this linguistic analysis would view a two-phoneme overlap between the rimes of words in a list as being quite different in nature from a two-phoneme overlap between the first two segments of the words and would predict that the potential for a category-cuing effect should arise only in the case of rime overlap, which corresponds to linguistic category overlap (e.g., Nimmo & Roodenrys, 2004) . This predicts that item recall for lists consisting of phonologically similar rhyming stimuli should be better than that for lists consisting of phonologically similar nonrhyming stimuli, such as alliterative lists, even if the degree of phonological overlap is controlled. Furthermore, it predicts no difference in item recall between alliterative and canonically similar lists, because in neither case is there systematic linguistic category overlap between list items. We will refer to this as the linguistic structure account.
A third account is derived from consideration of the computational requirements of a processing system that performs list recall in the verbal domain (e.g., Gupta, 1996; Gupta & MacWhinney, 1997) . One point highlighted by computational analysis is that list recall requires the processing of serial order at both the level of lists (i.e., the serial order of items within lists) and the level of words (i.e., the serial order of the constituents of individual words, which are, after all, phonological sequences). This raises the question of what effect, if any, the serial ordering within words might be expected to have on serial recall of the lists containing them. In a theory in which the serial order of phonemes within words is explicitly represented (as in Gupta & MacWhinney's, 1997, account) , there is a basis for considering how serial order at this level might affect serial ordering at the next level up. How might it play a role? One suggestion comes from work by Gupta and Dell (1999) , who noted that a sequence of words, such as cat, cab, that share overlap at the beginning is more difficult to produce than a sequence of words, such as cat, mat, that share overlap at the end, as has been shown by Sevald and Dell (1994) . Following this earlier work, Gupta and Dell suggested that this is because of the serial order of phonemes within word forms. The idea is that words can be thought of as dynamic trajectories over time, in phonological space. Trajectories that start similarly but end differently (i.e., words that share overlap at the beginning but not at the end) are more difficult to discriminate than trajectories that start differently but end similarly (i.e., words that share overlap at the end but not at the beginning). Applying these ideas to the present issue suggests that cuing effects in list recall should be sensitive not merely to the degree of overlap between list items, but also to the serial position of the overlap. This predicts that there will be a difference between recall of lists whose items share overlap at their beginnings versus at their ends. Specifically, it predicts that item recall for lists consisting of phonologically similar rhyming stimuli (in which the overlap is at the ends of the words) should be better than that for lists consisting of phonologically similar nonrhyming stimuli, such as alliterative lists in which the overlap is at the beginnings of the words, even if the degree of phonological overlap is controlled. It also predicts that item recall will be greater for alliterative than for canonically similar lists, because of greater phonemic overlap in the former. We will refer to this as the serial order account. It is worth noting that the serial order account incorporates important elements of the feature account. In particular, the degree of feature overlap does form the basis of cuing effects, just as in the feature account. However, the serial order account additionally posits that the location of the overlap matters, thus leading to different predictions regarding item recall for rhyming versus alliterative lists. Thus, the serial order account can be seen as building on and extending the feature account; the proposal that the serial order within list items is relevant is, nevertheless, an important difference.
Thus, the three accounts differ in their overall sets of predictions. The item recall prediction of the feature account is rhyming ϭ alliterative Ͼ canonical. The item recall prediction of the linguistic structure account is rhyming Ͼ alliterative ϭ canonical. The item recall prediction of the serial order account is rhyming Ͼ alliterative Ͼ canonical.
The first goal of the present work was to test these predictions and, thus, discriminate between these theoretical accounts, by comparing item recall in immediate serial recall of rhyming and alliterative lists with the same degree of overlap, as well as immediate serial recall of canonically similar lists with lesser overlap; Experiments 1 and 2 addressed this goal. A second goal was to test the hypothesis proposed by Fallon et al. (1999) and Nairne and Kelley (1999) that a category cue will be more effective when an open rather than a closed set is used; this aim was addressed by Experiments 3 and 4. A third goal, addressed in Experiment 5, was to examine whether item recall could be boosted sufficiently to lead to greater strict serial recall for similar than for dissimilar lists. A fourth overarching goal was to articulate a theoretical framework that can serve to interpret and integrate the varied findings regarding the PSE in immediate serial recall into a coherent and unified account; in the General Discussion section, we will offer such a framework and will attempt to show that it can relate various findings to each other.
EXPERIMENT 1
The aim of Experiment 1 was to directly test the predictions of the three alternative accounts outlined above. To this end, participants were presented with five-item lists for immediate serial recall in each of four conditions: a rhyming condition, an alliterative condition, a canonically similar condition, and a phonologically dissimilar condition. The main question of interest was the pattern of relationship between item recall in the rhyming, alliterative, and canonically similar conditions, regarding which the theoretical accounts make differing predictions. The phonologically dissimilar condition was included as a baseline in order to investigate the presence of a classic PSE. Lists in each condition were drawn from an open set of words, so that no words were repeated across lists.
Method
Participants. The participants in this and all the other experiments reported here were undergraduate students at the University of Iowa, who participated for course credit. A total of 24 participants engaged in Experiment 1. No participant took part in more than one of the present experiments.
Materials and Design. Each list consisted of five three-phoneme words presented auditorily. No word appeared more than once in a list; thus, the lists in each condition (and in fact, for the experiment as a whole) were drawn from an open set. Ten five-item lists were created for each of the rhyming, alliterative, canonically similar, and phonologically dissimilar conditions. Two additional practice lists were created for each condition. The mean frequency of list items was controlled so that none of the conditions differed significantly from any other in mean Kučera-Francis frequency of the list stimuli (Kučera & Francis, 1967) . The lists used are shown in Appendix A.
For each of the canonically similar and phonologically dissimilar conditions, 10 lists were generated by random selection without replacement from the set of 50 phonologically similar and 50 phonologically dissimilar words used by Coltheart (1993) . Rhyming and alliterative lists were created individually. Rhyming lists were constructed through use of several rhyming dictionaries (Bogus, 1991; Merriam-Webster's Rhyming Dictionary, 1995; Mitchell, 1996; Webster's Compact Rhyming Dictionary, 1987) . A total of 10 differently rhyming five-item lists were created. All words in a rhyming list differed phonologically only in their initial phoneme and orthographically only in their first grapheme. Alliterative lists were generated with the assistance of an online dictionary (Merriam-Webster's Online Dictionary, 2001). All items within a list were matched on the initial consonant and the subsequent vowel. Stimuli within a list were also matched orthographically, differing only in their postvocalic graphemes.
Each word to be used in the lists was spoken by a female native speaker of American English and was recorded as 16-bit digitized sound at a sampling rate of 44.1 kHz on a Macintosh computer using the SoundEdit software program produced by Macromedia, Inc. (SoundEdit 16 Users Guide, 1997).
Procedure. Several aspects of the procedure were common to all the experiments reported here. In Experiment 1 and in all the other experiments, each participant performed immediate serial recall under each of four conditions. Lists were presented at the rate of one word per second by a Macintosh computer running the PsyScope experiment control system (Cohen, MacWhinney, Flatt, & Provost, 1993) . At the end of each list presentation, a cross appeared on the display, at which time the participant was required to recall the list. Each response was scored for the number of items correctly recalled (item recall) and for the number of items correctly recalled in the correct serial position (strict serial recall).
In Experiment 1, list presentation was blocked by condition. The order of presentation of conditions was counterbalanced across participants. The lists in each condition were presented in random order. One trial consisted of auditory presentation of one of the lists. Recall was performed by writing on an answer sheet. The answer sheet contained rows of five underlines, each row corresponding to a list of five items. The participant's task was to write down the words that had appeared in the list, indicating their order by writing each word in the correct underline on the row.
Results and Discussion
The results are summarized in Tables 1A and 1B . Analyses were conducted both by subjects (i.e., with subjects as the random variable) and by items (with lists as the random variable). For conciseness, only the results of the analysis by subjects are shown. However, all the results discussed below were obtained in both the subject and the item analyses, except where otherwise noted.
The main effect of similarity condition on item recall was significant in an ANOVA (Table 1B) . A Tukey test for pairwise comparisons between means, using a family confidence coefficient of .95, indicated a significant difference between every pair of conditions, except the dissimilar and the alliterative. Thus, as Table 1A shows, item recall was higher in the rhyming condition than in the alliterative condition, in which item recall was higher than in the canonically similar condition.
In terms of strict serial recall also, the main effect of similarity was significant (Table 1B) . A Tukey test conducted as previously described indicated that in the subject analysis, all pairwise differences were significant, except those between rhyming and dissimilar lists and between alliterative and canonically similar lists. The Tukey test on the item analyses yielded the same result, except that additionally, the difference between dissimilar and alliterative lists was not significant. The reader may find it useful to consult the relevant parts of Table 3 , which summarizes item recall and strict serial recall results in words.
Of primary interest for present purposes, the item recall results are rhyming Ͼ alliterative Ͼ canonical. This is in accordance with the predictions of the serial order account, but not with those of the other two accounts, providing preliminary support for the serial order account. Before discussing the implications of this finding, let us consider the strict serial recall results. These are also interesting in that there is a classic PSE (dissimilar Ͼ canonical ) but no detrimental effect of rhyming similarity (dissimilar ϭ rhyming). This replicates the pattern of results in Fallon et al. (1999, Experiment 1) . Taken together, the item recall and strict serial recall results suggest that different kinds of similarity have different effects on item recall: As compared with dissimilar lists, canonical similarity is detrimental, whereas rhyming similarity is facilitatory and alliterative similarity no worse. However, despite rhyming similarity being facilitatory at the item level, strict serial recall for rhyming lists is only equivalent to (not higher than) that for dissimilar lists. Despite alliterative similarity being equivalent at the item level, strict serial recall for alliterative lists is lower than that for dissimilar lists. These findings are consistent with the notion that phonological similarity, including rhyming and alliterative similarity, has a detrimental effect on retention of order information, which may be offset if there is facilitation at the item level.
This can be further examined in terms of order accuracy, measured as the number of items that were recalled in correct serial position divided by the number of items that were correctly recalled in total; it is computed as the ratio of strict serial recall to item recall ). An ANOVA indicated a significant effect of phonological similarity on order accuracy (Table 1B) . A Tukey test indicated that order accuracy was significantly higher for dissimilar than for rhyming and alliterative lists and was significantly higher for canonically similar than for alliterative lists. Thus, for rhyming lists, the benefit in item recall, relative to dissimilar lists, offsets the decrement in order accuracy, relative to dissimilar lists, leading to equivalent strict serial recall for rhyming and dissimilar lists. For alliterative lists, as compared with dissimilar lists, the equivalent item recall does not offset the decrement in order accuracy, and so strict serial recall is lower for the alliterative than for the dissimilar lists. For canonically similar lists, as compared with dissimilar lists, the (nonsignificant) decrement in order accuracy is compounded by a significant decrement in item recall (there is no facilitatory category-cuing effect), leading to lower strict serial recall. The results suggest that performance in immediate serial recall, as measured by strict serial recall, is a function of how well the identity of the items is recalled and how well the order of the items is recalled, and that these can trade off against each other, an idea that has been present in the writing of several investigators (e.g., Drewnowski, 1980; Fallon et al., 1999; Nairne & Kelley, 1999; Nairne & Neumann, 1993; Poirier & Saint-Aubin, 1996; Wickelgren, 1965) . The measure of strict serial recall described above was based on items recalled in correct serial position. However, another possible measure of strict serial recall is based on the number or proportion of lists correct. The list-based measure entails a binary scoring, in that a list is either correct or incorrect, based on whether all its items were recalled in correct serial position; a partially correct list is scored as completely incorrect. This measure is quite common and has been used by a number of investigators, including some of the seminal studies that established the classic PSE, as well as in very recent studies (e.g., Baddeley, 1966; Service & Maury, 2003) . Recall was, therefore, also assessed in terms of this measure, primarily to verify that the classic PSE (dissimilar Ͼ canonical ) was, in fact, obtained using this classic measure. As is shown in Table 1B , a planned comparison indicated that the classic PSE was significant, using this list recall measure. Of lesser interest, the ANOVA on list recall also indicated an overall effect of similarity.
Let us return to the item recall results as they relate to distinguishing between the feature, linguistic structure, and serial order accounts. The significantly higher item recall for rhyming over alliterative lists indicates that facilitation at the item recall level is not simply a matter of extent of phonemic overlap, which is consistent with the prediction of the serial order account but not with that of the feature account. The significantly higher item recall for alliterative over canonically similar lists suggests that facilitation at the item recall level is not simply a matter of the presence or absence of linguistic category overlap, which is consistent with the prediction of the serial order account but not with that of the linguistic account. Overall, these results provide clear support for the serial order account over the other two accounts.
In addition, these results serve to clarify Fallon et al.'s (1999) finding of greater item recall for rhyming than for nonrhyming similar lists (which, in our terms, were canonically similar). As we noted earlier, in that study, the difference between rhyming and nonrhyming similar lists was confounded with the degree of overlap between items within those lists; the result could, therefore, have been due to cuing either by rhyme category or by degree of feature overlap. The present results indicate that it was neither rhyme alone (in effect, the linguistic structure account) nor feature overlap alone (in effect, the feature account) that was critical. If presence or absence of a rhyme category alone had been the critical factor underlying Fallon et al. 's (1999) findings, then in the present experiment, item recall should have been equivalent for the alliterative and the canonically similar lists, upholding the linguistic structure account. If degree of phonemic overlap alone had been the critical factor underlying Fallon et al.'s (1999) findings, then in the present experiment, item recall in the present experiment should have been equivalent for rhyming and alliterative lists, upholding the feature account. Neither of these was true in the present experiment; rather, the serial order account was supported. This, in turn, suggests that Fallon et al.'s (1999) results arose from the fact that their rhyming lists incorporated greater feature overlap than did the similar nonrhyming lists and from the within-word serial location of that overlap. The present results thus speak to the theoretical alternatives, as well as to Fallon et al.'s (1999) previous results. But how robust are the present findings? The distinction between rhyming, alliterative, and canonically similar lists has not previously been examined directly; it would therefore seem appropriate to investigate its replicability. In addition, the present results were obtained under blocked presentation and could conceivably have been an artifact of blocking. The aim of Experiment 2 was to address these issues.
EXPERIMENT 2
In Experiment 2, we examined whether the pattern of results obtained in Experiment 1 would replicate under interleaved, rather than blocked, presentation of conditions. In Experiment 2, as in Experiment 1, each of 24 participants performed immediate serial recall of auditorily presented lists in a rhyming condition, an alliterative condition, a canonically similar condition, and a phonologically dissimilar condition. The materials, design, and procedure were exactly the same as those in Experiment 1, except that presentation of lists was not blocked by condition.
All the results discussed below were obtained in both the subjects and the items analyses. As is shown in Table 1B, the effect of phonological similarity on item recall was significant. Exactly as in Experiment 1, the Tukey test indicated a significant difference between every pair of conditions except the dissimilar and the alliterative conditions. Thus, as in Experiment 1, item recall was higher in the rhyming condition than in the alliterative condition, in which item recall was higher than that in the canonically similar condition but did not differ from that in the dissimilar condition.
For strict serial recall also, phonological similarity had a significant effect. The Tukey test by subjects indicated exactly the same pattern of results as that in Experiment 1: All pairwise differences were significant, except those between the rhyming and the dissimilar lists and between the alliterative and the canonically similar lists. The Tukey test by items yielded the same result. Phonological similarity also had a significant effect on order accuracy, and the Tukey test indicated that order accuracy was significantly higher for the dissimilar than for the rhyming and alliterative lists and also was significantly higher for the canonically similar than for the alliterative lists (all exactly as in Experiment 1). Finally, a planned comparison on list recall indicated that the classic PSE was significant, and the ANOVA indicated an overall effect of similarity.
To summarize, the item recall results were rhyming Ͼ alliterative Ͼ canonical in both subject and item analyses, as in Experiment 1, replicating the critical result that distinguishes between alternative accounts. Overall, the pattern of item recall, strict serial recall, and order accuracy results was identical to that in Experiment 1 in the analysis by subjects, and the pattern of results in the item analysis was identical to that in the subject analysis.
Overall, three conclusions can be drawn from Experiment 2. First, the results confirm the finding of rhyming Ͼ alliterative Ͼ canonical for item recall, supporting the serial order account. Second, the close replication of Experiment 1 indicates the robustness of this finding. Third, the present results indicate that blocking of similarity conditions does not greatly affect the results that are obtained; blocking, therefore, does not appear to be a major factor in determining the effects of phonological similarity in immediate serial recall.
EXPERIMENT 3
The results of Fallon et al. (1999, Experiment 2) discussed previously suggest that the effectiveness of a category cue in facilitating item recall of a list is determined by its uniqueness-that is, by whether the cue characterizes only one or many lists in the stimulus set-and that such uniqueness is dependent on whether the lists are drawn from an open or a closed set of items Nairne & Kelley, 1999) . If this is correct, the item recall advantage for rhyming over dissimilar lists and for alliterative over canonically similar lists obtained in Experiments 1 and 2 should be reduced or eliminated when the lists are drawn from a closed set of stimuli. Experiment 3 tested this prediction.
Each of 24 participants was auditorily presented with five-item lists, 12 in each of the rhyming, alliterative, canonically similar, and phonologically dissimilar conditions. Each list consisted of five three-phoneme words. The stimulus lists for each condition were drawn randomly without replacement from a closed set or pool of items. The pool for the rhyming lists consisted of the words set, bet, yet, wet, met, get, let, and net. The pool for the alliterative lists was bud, but, buff, bug, buzz, buff, bun, and buck. The pools for the canonically similar and dissimilar lists were those used by Baddeley (1966) , which were also used by Fallon et al. (1999) for their closed sets; these were can, mad, cap, man, cad, cat, map, and mat and cow, day, bar, few, hot, pit, pen , and sup, respectively. The mean Kučera-Francis frequency of items did not differ across the pools used for each condition. As in Experiment 1, lists were blocked by condition, and the order of presentation of conditions was counterbalanced across participants. The participants were not informed that the lists would be drawn from a small set of words, nor were they prefamiliarized with these words.
All the results discussed below were obtained in both the subjects and the items analyses. As is shown in Table 1B, the effect of similarity on item recall was significant. The Tukey test indicated a significant difference between every pair of conditions except the alliterative and the canonically similar conditions. Item recall was highest in the dissimilar condition, in which item recall was higher than that in the rhyming condition, in which item recall was higher than that in the alliterative condition, which did not differ from the canonically similar condition. The effect of similarity on strict serial recall was also significant. The Tukey test indicated that all pairwise differences were significant, except between the alliterative and the canonically similar lists. Similarity also had a significant effect on order accuracy. The Tukey test indicated that all pairwise differences were significant, except between the alliterative and the canonically similar lists and between the canonically similar and the rhyming lists. Finally, for list recall, a planned comparison indicated that the classic PSE was significant, and an ANOVA indicated an overall effect of similarity.
The focus of interest is the item recall findings for the rhyming and alliterative lists as compared with the canonically similar and dissimilar lists. In contrast with Experiments 1 and 2, which used open sets, there was no item recall advantage for alliterative over canonically similar lists. Also in contrast with Experiments 1 and 2, there was no advantage for the rhyming lists over the dissimilar lists, and in fact, item recall was significantly greater for the dissimilar than for all the other types of lists. This provides support for the theoretical view that category-cuing effects are reduced or eliminated when lists are drawn from a closed set.
However, since this is the first investigation of item recall for rhyming, alliterative, and dissimilar lists, using closed sets, it seemed appropriate to investigate the replicability of this result. In addition, as in the extension of Experiment 1 by Experiment 2, we wished to investigate the role that blocked presentation might have played in obtaining these results. The aim of Experiment 4 was to address these issues.
EXPERIMENT 4
In Experiment 4, we examined whether the pattern of results obtained in Experiment 3 would replicate under unblocked presentation of conditions. A total of 24 participants each performed immediate serial recall of auditorily presented lists under the same four conditions. The materials, design, and procedure were exactly the same as those in Experiment 3, except that presentation of lists was not blocked by condition.
All the results discussed below were obtained in both the subjects and the items analyses, except where otherwise noted. For item recall, the ANOVA indicated a significant effect of similarity (Table 1B) . The Tukey test indicated exactly the same pattern of results as in Experiment 3: a significant difference between every pair of conditions except the alliterative and the canonically similar conditions, with item recall being highest in the dissimilar condition, in which item recall was higher than that in the rhyming condition, in which item recall was higher than that in the alliterative condition, which did not differ from the canonically similar condition. A significant effect of similarity on strict serial recall was also obtained. A Tukey test on the subjects analysis indicated that all pairwise differences were significant, and a Tukey test on the items analysis indicated the same result, except that the difference between the canonically similar and the alliterative lists was not significant. The effect of similarity on order accuracy was significant, and the Tukey test indicated that all pairwise differences were significant, except between the rhyming and the canonically similar lists. Finally, for list recall, a planned comparison indicated that the classic PSE was significant, and an ANOVA indicated an overall effect of similarity.
In summary, and of primary interest for present purposes, the item recall results exactly replicated those of Experiment 3. In addition, the strict serial recall results and order accuracy results were also closely similar to those obtained in Experiment 3. Overall, we can draw two conclusions from Experiment 4. First, the results confirm the critical result from Experiment 3-namely, a reduction of item recall advantage when closed sets were used. As in Experiment 3, the item recall advantage was eliminated for alliterative over canonically similar lists and also for rhyming lists over dissimilar lists. Second, as with Experiment 2, the present results suggest that blocking is not a critical determinant of the effects of phonological similarity on immediate serial recall.
EXPERIMENT 5
As was noted in the discussion of Experiment 1, it appears that overall performance in immediate serial recall, as measured by strict serial recall, is a function of how well the identity of the items is recalled and how well the order of the items is recalled. That is, strict serial recall will be determined by the trade-off between the possibly facilitatory effects of any category cues on item recall and the detrimental effects on order recall of any factor, such as phonological similarity, that increases within-list confusability. This implies that phonological similarity may simultaneously play a detrimental role in retention of order information (as a result of similarity-based in-terference) and a possibly beneficial role in retention of item identity information (if it forms an effective category cue). This raises the possibility of the facilitatory effect of phonological similarity on item recall being strong enough to outweigh any detrimental effect of phonological similarity on order accuracy, thereby leading to better strict serial recall for phonologically similar than for dissimilar lists.
What evidence speaks to this prediction? Previous research has demonstrated beneficial effects of phonological similarity on item recall (as discussed extensively in this article and as also demonstrated by the present Experiments 1 and 2). The lack of a detrimental effect of phonological similarity on strict serial recall of word lists has also been demonstrated where similarity was operationalized as rhyme (Fallon et al., 1999, Experiment 1; Fallon, Mak, Tehan, & Daly, 2005 ; the present Experiments 1 and 2) and as overlap of the phonemes surrounding the vowel (consonant frame overlap; Lian, Karlsen, & Eriksen, 2004, Experiment 2) . A beneficial effect of phonological similarity has been demonstrated in an order reconstruction task following a 24-sec delay (Nairne & Kelley, 1999) and in nonimmediate serial recall following a delay of 4 sec (Fallon, 1999; Fallon & Tehan, 1995) . Recently, Lambert, Chang, and Lin (2003) reported a beneficial effect of phonological similarity on pharmacists' immediate free recall of drug names. Beneficial effects of similarity have also recently been reported for strict serial recall in immediate serial recall of nonword lists, where similarity was operationalized as rhyme Service & Maury, 2003) or as consonant frame overlap , Experiment 1). To our knowledge, however, there has been no previous demonstration of a beneficial effect of phonological similarity on strict serial recall in a typical immediate (i.e., nondelayed) serial recall task employing known words. Such a result would constitute the most direct reversal possible of the canonical PSE. In Experiment 5, we investigated whether such a reversal could be obtained.
The goal was to achieve a beneficial category-cuing effect of phonological similarity on item recall that would outweigh any detrimental effect of the phonological similarity on order recall. In determining how to achieve this, we were guided by the results of Experiments 1 and 2, which had indicated stronger category cuing for rhyme than for alliteration, and Experiments 3 and 4, which had indicated stronger category cuing with open than with closed sets. For Experiment 5, therefore, phonological similarity was operationalized as rhyme, and we used open sets. In addition, we reasoned that the effect of rhyme as a category cue should be even stronger for lists of two-syllable rhyming words, in which the extent of overlap is even greater than in lists of one-syllable rhyming words, and therefore decided to include such lists as well. Finally, to verify that the item recall advantage obtained in Experiments 1 and 2 for rhyming over dissimilar lists would be maintained in an alternative presentation modality, we decided to employ visual presentation. In Experiment 5, therefore, we examined immediate serial recall of one-syllable rhyming and dissimilar lists, as well as two-syllable rhyming and dissimilar lists, using visual presentation of lists drawn from open sets.
Method
A two-factor within-subjects design was used, with the two factors being phonological similarity (dissimilar/rhyming) and word length (one/two syllables) and, thus, with four conditions defined by the crossing of the two factors. Lists were created using the rhyming and other dictionaries previously noted, and the definition of each word in the lists was verified from a standard dictionary of American English (The American Heritage Dictionary of the English Language, 1996) . Sets of four lists were created, with the four lists in a set belonging to each of the four conditions and with all the lists in a set being matched in frequency. Ten such sets of four lists were created, so that 10 four-item lists were created for each of the conditions, with mean frequency of words in the lists controlled across conditions. The lists used are shown in Appendix B. The list shown in position n in each condition was matched in frequency with the lists in position n across all conditions. Each of 24 participants performed immediate serial recall of visually presented lists under each of the four conditions, with the order of presentation of the 40 lists randomized across the experiment, and not blocked by condition. The participants' spoken responses were audiotaped for subsequent analysis, in which each response was scored for item recall and strict serial recall.
Results and Discussion
Analyses were conducted both by subjects and by items. All the results discussed below were obtained in both the subject and the item analyses, except where otherwise noted. The results from the subjects analysis are summarized in Tables 2A and 2B . Planned pairwise comparisons were conducted between dissimilar and similar one-syllable lists and between dissimilar and similar two-syllable lists. For item recall, these comparisons indicated significant differences. That is, item recall was significantly greater for similar than for dissimilar lists at both word lengths (Table 2B) . Of less direct interest, an omnibus 2 ϫ 2 (similarity ϫ word length) ANOVA indicated significant main effects of phonological similarity and word length and a significant interaction, as is also shown in Table 2B . For strict serial recall, the comparisons revealed that strict serial recall was higher for the similar than for the dissimilar two-syllable lists but did not differ significantly for the similar and the dissimilar one-syllable lists. In the omnibus ANOVA, both main effects and the interaction were significant. For order accuracy, the comparisons revealed that order accuracy was higher for the dissimilar than for the similar one-syllable lists but did not differ significantly for the similar and the dissimilar two-syllable lists. In the omnibus ANOVA, the main effect of word length was significant, but not the main effect of similarity or the interaction. The null effect of similarity on order accuracy in the two-syllable lists is, to our knowledge, a novel result. It should be noted, however, that the PSE has not been extensively investigated in polysyllabic word lists.
These results confirm the possibility that Experiment 5 was designed to examine-namely, that strict serial recall can be higher for lists of similar (in this case, rhyming) words than for lists of dissimilar words. At the two-syllable word length, item recall was significantly higher for the similar than for the dissimilar lists, and this benefit, combined with a nonsignificant order accuracy difference between the dissimilar and the similar lists, led to higher strict serial recall for the similar than for the dissimilar lists. At the one-syllable word length also, item recall was significantly higher for the similar than for the dissimilar lists, but this advantage was not large enough to offset the significantly lower order accuracy for the similar than for the dissimilar lists, and strict serial recall was, therefore, no better (or worse) for the similar than for the dissimilar lists.
The list recall measure, however, indicated that strict serial recall was significantly higher for the similar than for the dissimilar lists at both the one-syllable word length and the two-syllable word length. That is, when the listbased measure of strict serial recall that has been widely employed in studies of the PSE was used, recall was significantly higher for the similar than for the dissimilar lists not only at the two-syllable word length, but even for one-syllable lists. (Of lesser interest, the omnibus ANOVA indicated that both main effects were significant in both subject and item analyses and that the interaction was significant in the subject analysis and was marginally significant in the item analyses.)
The results of Experiment 5 thus provide clear evidence that phonological similarity in the form of rhyme can facilitate not merely item recall, but even strict serial recall, even for lists of one-syllable words. This is, to our knowledge, the first demonstration of a beneficial effect of phonological similarity on strict serial recall in a typical immediate serial recall task employing known words and constitutes the most direct reversal possible of the canonical PSE.
What are the implications of this finding? In our view, the present result is not inconsistent with the account of phonological similarity given within the working memory model (e.g., Baddeley, 1986; Baddeley et al., 1998; Baddeley & Hitch, 1974) . According to the working memory model, phonological similarity affects immediate serial recall, thus providing evidence that the code used in verbal short-term memory is phonological in nature. Note-Rhym, rhyming; DisSim, dissimilar; 1syl, 1 syllable; 2syl, 2 syllables.
The present results suggest that the effect of phonological similarity need not always be detrimental, as was originally proposed, but they support the conclusion that phonological similarity affects immediate serial recall. The present results are thus best viewed as clarifying and extending the treatment of phonological similarity in the working memory model, without contradicting its central conclusion.
GENERAL DISCUSSION
In this article, we presented five experiments in which item recall in phonologically similar lists was examined. Experiments 1 and 2 tested alternative accounts of what kind of phonological similarity leads to a category-cuing effect that can facilitate item recall. The alternative accounts were designated as the feature account, the linguistic structure account, and the serial order account. The results of Experiment 1 supported the serial order account over the other two accounts, and Experiment 2 confirmed that this result did not depend on blocked presentation of lists.
The results of Experiments 1 and 2 thus support the serial order account in a replicable fashion. This indicates that within-word-form serial order is an important factor to keep in mind when considering the serial ordering of lists of word forms-that is, when considering typical immediate serial recall tasks. In our view, this is an important elaboration of what a theory of immediate serial recall must take into account. It also provides support for models of immediate serial recall that attempt to incorporate serial ordering not only across word forms (i.e., at the within-list level) but also at the within-word-form level; the only such implemented model of which we are aware is that developed in our own previous work (e.g., Gupta, 1996; Gupta & MacWhinney, 1997) .
In Experiments 3 and 4, we investigated the hypothesis that the effectiveness of a category cue in facilitating item recall of a list is determined by its uniqueness, which, in turn, is dependent on whether the lists are drawn from an open or a closed set of items. In contrast with Experiments 1 and 2, in which open sets were used, in Experiment 3, a closed set was used and no item recall advantage for alliterative over canonically similar lists was shown. Also in contrast with Experiments 1 and 2, there was no advantage for rhyming lists over dissimilar lists, and in fact, item recall was significantly greater for dissimilar than for all other types of lists. Experiment 4 replicated these results with unblocked presentation of lists.
Finally, in Experiment 5, we investigated the possibility that phonological similarity can enhance item recall sufficiently to overcome any detrimental effect on order accuracy, thus leading to better strict serial recall for similar than for dissimilar lists. This result was indeed obtained for lists of two-syllable words, as well as for lists of onesyllable words, providing a clear reversal of the canonical PSE. However, as we noted in the discussion of Experiment 5, this result, in our view, does not invalidate the working memory model's account of the PSE but, rather, serves to clarify and extend that account.
It could be argued that list items may be more perceptually confusable when lists are presented auditorily (as in Experiments 1-4) than when presented visually. This raises the possibility that perceptual errors might have played a role in the results obtained in Experiments 1-4. One way to gauge perceptual errors is to examine items produced during recall that are perceptually similar to one or more items from the target list but that did not, in fact, appear either in the target list or in the set of words from which the lists were drawn in that experiment (extraset intrusions). If perceptual confusability played a role in the auditory experiments, there should be a greater proportion of perceptual errors in those experiments than in the visual experiment. We therefore compared perceptually similar extraset intrusions in the auditory experiments (Experiments 1-4 combined) with those in the visual experiment (Experiment 5) for the two conditions that were common to all the experiments (rhyming and dissimilar lists of one-syllable items). An ANOVA indicated that there was no significant difference between the proportions of such intrusions for the auditory experiments versus the visual experiment [F(1,118) ϭ 0.10, MS e ϭ 34.03, p Ͼ .7]. It therefore appears unlikely that the effects in Experiments 1-4 were driven by auditory perceptual confusability.
Another issue is whether the differences in the patterns of results obtained in Experiments 3 and 4, as compared with those in Experiments 1 and 2, are truly due to the use of closed versus open sets or might simply be due to the use of different stimulus sets. This is, of course, a question that also applies to other studies that have employed nonidentical open versus closed stimulus sets (e.g., Coltheart, 1993; Fallon et al., 1999; Nairne & Kelley, 1999) . In the present study, the fact that the item analyses corroborated the subject analyses makes it unlikely that the results were an artifact of the particular stimuli used. However, to examine this question further, we analyzed error types. Intrusions that are from outside the target list, but not from outside the set of words used in the experiment (extralist intrusions), provide a measure of memory errors (the intrusion is a word that was in another list). If the difference in item recall accuracies in the open set experiments (Experiments 1 and 2) and the closed set experiments (Experiments 3 and 4) was, in fact, due to the openness of the sets, we would expect a greater proportion of extralist intrusions in the closed set experiments, because of the greater confusability of the lists. If, on the other hand, the difference in item recall accuracies for the closed and the open set experiments was due simply to the use of different stimuli, there would be no particular reason to expect this difference in extralist intrusions. A comparison revealed that the proportion of extralist intrusions in the two closed set experiments combined was indeed significantly higher than that in the two open set experiments combined [F(1,94) 
As a further test, we examined the patterns of extralist intrusions for the open set and the closed set experiments. As was discussed in the individual presentation of Experiments 3 and 4, the key item recall differences for the open versus closed set experiments were that there was an item recall advantage for alliterative over canonically similar lists in the open set experiments, but not in the closed set experiments, and that an advantage for rhyming over dissimilar lists in the open set experiments was replaced by an advantage for dissimilar over all other types of lists in the closed set experiments. If these item recall differences had been driven by the openness of the sets, the pattern of differences in extralist intrusions between the open and the closed set experiments should be the same as the pattern of item recall differences. If, on the other hand, the item recall differences between the open and the closed set experiments had been driven simply by stimulus differences, there would be no reason to expect the pattern of extralist intrusions to correspond in this manner. Tukey tests examining pairwise differences in extralist intrusions for various similarity types for the open set experiments combined and for the closed set experiments combined yielded exactly the same pattern of differences as that noted above for item recall. (ANOVAs revealed a significant overall effect of similarity on extralist intrusions for the open set experiments combined [F(3,141) This close correspondence provides evidence that the item recall differences between the open and the closed set experiments were due to set openness, as gauged by the extralist intrusions, rather than to stimulus differences.
These various analyses thus suggest that the results of Experiments 1-4 are robust and are not due simply to differences in the stimulus sets or to the auditory modality of presentation. But what is the bigger picture that can be drawn from these results? As we noted in the introduction, the literature on the PSE presents a conflicting body of results, and the present experiments add to this diverse set of findings. However, we suggest that the results of these various studies can be related to each other within a single theoretical framework. The framework we propose consists of seven points, drawing importantly on ideas that have been put forth in various forms by a number of investigators (e.g., Drewnowski, 1980; Fallon et al., 1999; Nairne & Kelley, 1999; Nairne & Neumann, 1993; Poirier & Saint-Aubin, 1996; Wickelgren, 1965) but that have not, to our knowledge, previously been brought together.
1. Overall performance in immediate serial recall (i.e., strict serial recall) is a function of how well the identities of the items themselves are remembered (i.e., item recall) and of how well the serial order of the items is remembered (i.e., order accuracy).
2. Two factors (among others) that affect immediate serial recall are within-list phonological similarity and category cues. Category cues are commonalities between the items in a list that can be extracted and used as a cue (e.g., "all the numbers are multiples of 11" for the list {11, 55, 77, 22, 88}) .
3. Phonological similarity has an effect on serial order for items (i.e., order accuracy), and this is a detrimental effect; phonological similarity, therefore, contributes negatively to overall serial recall performance.
4. A category cue has its effect on retention of item identity information (i.e., item recall), and this can be facilitatory and can, therefore, contribute positively to overall serial recall performance.
5. Phonological similarity and category cues thus impact overall immediate serial recall performance in different ways. Strict serial recall in a given situation will, therefore, be affected by the trade-off between the effects of category cues and phonological similarity, which have their primary impact on item recall and order accuracy, respectively.
6. In addition to its detrimental effect on order accuracy, phonological similarity in the form of rhyme can also play a role as a category cue (e.g., "all the words rhyme with bat" for the list {mat, fat, sat, rat, hat}). Phonological similarity may, therefore, at once play a detrimental role in retention of order information (as a result of similarity-based interference) and a possibly beneficial role in retention of item identity information (if it forms an effective category cue).
7. The effectiveness of a potential category cue is affected by how many lists it characterizes in the stimulus set. For instance, the "multiples of 11" cue would be maximally useful as a cue to retaining item identity information if it characterized the items in only one list and less useful if it characterized all lists, and similarly for a cue such as "all the words rhyme with bat." Thus, a category cue is generally more effective if the list items are drawn from an open set (where it is possible to have different cues characterizing different lists) than if they are drawn from a closed set (where the cue will necessarily characterize many lists).
How do the present experiments relate to this framework? The three alternative accounts we examined in Experiments 1 and 2 can be seen as proposing hypotheses about what kind of phonological similarity leads to a category-cuing effect that can facilitate item recall and, thus, as fleshing out the sixth point of the framework. Experiments 3 and 4 can be seen as having addressed the seventh point of our framework regarding the greater effectiveness of a category cue for item recall when an open, rather than a closed, set is used. Experiment 5 can be seen as having addressed an implication of the first and sixth points of the framework: the possibility that the facilitatory effect of phonological similarity on item recall may be strong enough to outweigh any detrimental effect of phonological similarity on order accuracy, thereby leading to better strict serial recall for phonologically similar than for dissimilar lists. Overall, the results of the present experiments support our proposed framework.
If this framework is generally useful, however, it should also be possible to use it to provide a coherent interpretation of the diverse results that have been reported regarding the PSE. Table 3 summarizes the results of all previously published studies of which we are aware in which the effect of phonological similarity in immediate serial recall of real words has been examined at both the strict serial recall and the item recall levels. Let us interpret each of these in terms of our framework.
1. Wickelgren (1965, Experiment 2) examined immediate serial recall of lists of seven CV items. In five of the six conditions in the experiment, the vowel was the same for all the list items; these were referred to as pure list conditions. In the sixth, mixed condition, the vowels in each list were mixed. Wickelgren found that mean recall was greater in the mixed condition than the mean of recall for all the pure lists, when strict serial scoring was used. However, item recall was greater for the pure lists than for the mixed lists. In terms of our framework, Wickelgren's pure lists were rhyming lists, whereas his mixed lists were dissimilar lists. The lists in each condition were drawn from a closed set of items. However, the rhyming lists did not all rhyme in the same way; rather, there were five different kinds of rhyme. Thus, importantly, across the entire corpus of rhyming lists, the set was not completely closed.
Wickelgren's results are explicable in our framework in terms of rhyme having facilitated item recall by providing a category cue but this facilitation not having been strong enough to overcome the detrimental effect of rhyme on order information, thus yielding a classic PSE in terms of strict serial recall. The item recall result indicates that rhyming similarity can lead to an item recall advantage over dissimilar lists even when a partially closed set is used; importantly, however, the set was not completely closed.
2. In another classic study, Watkins et al. (1974) compared immediate serial recall of phonologically dissimilar and phonologically similar lists. The similar lists were drawn from an open set of items, and the dissimilar lists were drawn from a rearrangement of the same set. In terms of our framework, the similar lists were canonically similar; that is, the items in a list shared overlap but were neither completely rhyming nor completely alliterative and, therefore, did not provide a category-cuing advantage for item recall. Consequently, there was no item recall advantage to offset the detrimental effect of canonical similarity on order information, thus yielding a classic PSE in terms of strict serial recall.
3. In another study, Drewnowski (1980, Experiment 3) compared immediate serial recall of phonologically similar and dissimilar lists. In our terms, the similar lists were Drewnowski (1980) visual closed dissimilar Ͼ rhyming dissimilar Ͼ rhyming 4. Gathercole, Gardiner, & Gregg (1982) visual, auditory open dissimilar Ͻ rhyming dissimilar Ͼ rhyming 5. Coltheart (1993) visual consonantframe ϭ dissimilar Ͼ canonical dissimilar Ͼ consonantframe Ͼ canonical rhyming lists; the dissimilar and rhyming lists were each drawn from closed sets. The finding was that both strict serial recall and item recall were better for the dissimilar lists than for the rhyming lists. This is explicable in our framework in terms of rhyming similarity not having provided an item recall cuing advantage because of the use of a closed set; because there was no offset to the detrimental effect of rhyming similarity on order retention, there was a classic PSE in terms of strict serial recall. 4. Gathercole et al. (1982) compared immediate serial recall of lists that were either phonologically similar or dissimilar and that were presented either visually or auditorily. The phonologically similar lists consisted mostly of rhyming items (Gathercole et al., 1982, p. 177) . The dissimilar lists were created by recombining the words in the similar lists. Collapsed across visual and auditory presentation, the results were that strict serial recall was better for the dissimilar than for the similar lists, whereas item recall was better for the similar than for the dissimilar lists (Gathercole et al., 1982, p. 180) . In our terms, the similar lists were rhyming lists; the dissimilar and similar lists were each drawn from open sets. Rhyming similarity, together with the use of an open set, provided sufficiently strong category cues that item recall was better than for dissimilar lists, as in Wickelgren's (1965) study. However, also as in Wickelgren's study, this facilitation was not strong enough to overcome the detrimental effect of rhyme on order information, thus yielding a classic PSE in terms of strict serial recall.
5. Coltheart (1993) compared immediate serial recall of visually presented lists that were either phonologically similar or phonologically dissimilar and that were drawn from either an open or a closed set. The closed set lists were each drawn from the eight-word pools used by Baddeley (1966) for his similar and dissimilar lists. The finding was that recall was better for the dissimilar than for the similar lists in terms of both the strict serial and the item recall measures, for lists drawn from both open and closed sets. In terms of our framework, the similar lists were canonically similar. Item recall was, therefore, greater for the dissimilar than for the canonically similar lists for both the open and the closed sets, because canonical similarity did not provide a category-cuing advantage for item recall. Since there was no item recall advantage to offset the detrimental effect of canonical similarity on order information, there was overall a classic PSE in terms of strict serial recall.
6. In a study by Poirier and Saint-Aubin (1996) , serial recall of lists of two-syllable words that were either phonologically similar or dissimilar was examined. Words in the phonologically similar lists rhymed in the second syllable; the specific rhyme changed from list to list. In our terms, the similar lists were rhyming lists; the dissimilar and the similar lists were drawn from open sets. Rhyming similarity did not provide a category cue strong enough to produce an item recall advantage for rhyming over dissimilar lists, despite use of an open set. This contrasts with the results of Wickelgren (1965) and Gathercole et al. (1982) with open sets. It is explicable in that the proportion of overlap and, hence, the degree of category cuing are lower for two-syllable words when only the second syllable rhymes, as in Poirier and Saint-Aubin's study, than they are when one-syllable words rhyme, as in the studies by Wickelgren and by Gathercole et al. Since there was no item recall advantage in Poirier and Saint-Aubin's study to offset the detrimental effect of rhyming similarity on order information, there was overall a classic PSE in terms of strict serial recall.
7. Fallon et al.'s (1999) experiments have already been described in detail. We, therefore, merely summarize the results in Table 3 . These results are completely consistent with our framework.
8. In the experiments reported in the present article, we see essentially the same effects as those in Fallon et al. (1999) , as summarized in Table 3 . These results are also consistent with our framework. 9. A study by Lian et al. (2004, Experiment 2) compared immediate serial recall of visually presented lists of Norwegian words that were drawn from open sets and incorporated three types of similarity. Words were either CVCC or CCVCC monosyllables. In rhyming lists, all the items shared the middle VC and, frequently, additional consonants; in consonant frame lists, all the items shared the consonants surrounding the vowel and, frequently, additional consonants; in dissimilar lists, some overlap was still permitted between list items, so that items within a list frequently shared final consonants (Lian et al., 2004, p. 337) . The finding was that item recall was better for consonant frame lists than for rhyming lists, for which item recall did not differ from that for dissimilar lists. In terms of our framework, the lack of item recall advantage for rhyming over dissimilar lists is explicable in that the rhyming lists incorporated less consistent overlap than was typical in the other studies discussed so far, in which it had been operationalized as complete _VC overlap in CVC words, and the dissimilar lists shared more overlap than was typical in the other studies. Furthermore, informal calculation of overlap for the stimuli listed in Lian et al. (2004, p. 337) indicates that words within consonant frame lists shared greater proportional overlap than did words within rhyming lists, and this provides a possible explanation of the item recall advantage for the consonant frame lists over the rhyming lists. The strict serial recall finding was that consonant frame lists were recalled as well as dissimilar lists, both of which were recalled better than rhyming lists. In terms of our framework, this is because item recall for rhyming lists was no better than that for dissimilar lists and, hence, did not offset the detrimental effect of rhyming similarity on order information, leading to worse strict serial recall. The item recall advantage for consonant frame over dissimilar lists, on the other hand, did offset the detrimental effect of consonant frame similarity on order information, leading to equivalent strict serial recall for dissimilar and consonant frame lists-that is, no classic PSE for consonant frame similarity.
10. Nimmo and Roodenrys (2004) compared immediate serial recall for phonologically dissimilar and phonologically similar lists with rhyming (Experiment 1), alliterative (Experiment 2), or consonant frame (Experiment 3) lists. All the list items were CVC words. In the rhyming lists, all the items within a list shared _VC segments; in the alliterative lists, all the list items shared CV_ segments; and in the consonant frame lists, all the list items shared C_C segments. The similar lists were, in our terms, canonically similar, in that they shared some overlap, but less so than completely rhyming, completely alliterative, or completely consonant frame lists. Lists were drawn from a mostly open set in that list items were not repeated within a condition, but the same list items were used in all three within-subjects conditions. The item recall results, as summarized in Table 3 , were generally as would be predicted by our framework: Item recall was greater for rhyming than for canonically similar lists (Experiment 1) and greater for consonant frame lists than for canonically similar lists (Experiment 3), both of which results are explicable in terms of greater overlap for the rhyming and the consonant frame lists, as compared with the canonically similar lists. However, the lack of item recall advantage for alliterative over canonically similar lists (Experiment 2) differs from the findings in the present Experiments 1 and 2. This is likely because all of the items in the canonically similar lists in Nimmo and Roodenrys (Experiment 2) shared the final consonant, in addition to sharing some vowels. Thus, overlap within these lists was somewhat greater than that in our Experiments 1 and 2 and likely created a slight category-cuing effect, thus reducing the strength of an item recall advantage for alliterative lists over these lists. In addition, the fact that the lists were not drawn from completely open sets may have played a role in reducing the item recall advantage for alliterative lists.
Turning to an examination of global effects across studies, a glance at the results for strict serial recall in the rightmost column of Table 3 shows that the classic PSE (i.e., better strict serial recall for dissimilar lists) is, indeed, a robust effect. Only five experiments have failed to show it for lists of words: Fallon et al.'s (1999) Experiment 1; our Experiments 1, 2, and 5; and Lian et al.'s (2004) Experiment 2. All of these were experiments that employed rhyming or consonant frame similarity and open sets and are interpretable within the framework we have offered. We can thus see that the detrimental effect of phonological similarity on order information is robust, and it is rare for the item recall advantage that may be obtained with phonologically similar stimuli to offset it-hence, the classic PSE. Nevertheless, although the classic PSE is a robust effect, it is not exceptionless, and our framework provides a means of understanding when it does and does not arise.
In our view, the present experiments provide some important clarifications of the PSE, a central phenomenon of verbal working memory. First, in supporting the serial order account (Gupta & Dell, 1999) , they emphasize the importance of within-word serial order in theories of immediate serial recall (e.g., Gupta, 1996; Gupta & MacWhinney, 1997) . Second, they clarify the basis of the important results obtained by Fallon et al. (1999) . Third, they demonstrate the most direct reversal possible of the classic PSE but also explain this reversal. Fourth, the present experiments and our articulation of a theoretical framework offer an integration of the standard working memory model, feature-based accounts, and the importance of within-word serial order in theories of immediate serial recall.
